Objective: To investigate the relationship between bone mineral density (BMD), anthropometric characteristics, levels of biological markers for growth, bone turnover, insulin resistance and fat mass in 4-year-old Swedish children. Methods: Descriptive study with 41 children (28 boys) who had anthropometric measurements and blood samples taken and heel dual-energy X-ray absorptiometry and laser (DXL) performed. The study participants were divided into groups of normalweight (n ¼ 28) and overweight or obese (n ¼ 13) children.
Introduction
Increased inactivity and energy intake, improper food composition, stress with irregular and missed sleep time are all factors that cause lifestyle-related unhealthiness such as obesity and insulin resistance. 1 Obesity is associated with type 2 diabetes, coronary heart disease, cancer and mental illness. 1 Decreased physical activity is regarded as an important aetiological contributor to osteoporosis and increased physical activity is positively correlated with bone mineral content (BMC). 2, 3 Health examinations of B16 000 children aged 2-8 years were carried out during [2007] [2008] in eight European countries within the 'Identification and prevention of dietary-and lifestyle-induced health effects in children and infants' (IDEFICS) study (http://www.idefics.eu). 4 The present pilot study was conducted on a subsample of the Swedish IDEFICS study population. Growth factors, bone markers and biological markers were studied, as many have both metabolic and skeletal effects. Adiponectin and its receptors are expressed in primary human osteoblasts and it has been suggested that adiponectin has a functional role in bone homeostasis linking fat and body weight to bone density. 5, 6 Overweight and obesity or inactivity is related to lower levels of adiponectin. 7 Leptin, an adipocyte-derived hormone, is a major regulator of bone remodelling through a central mechanism. 8 Insulin-like growth factor-I (IGF-I)
is an anabolic factor for the skeleton and affects its growth positively, 9 and is produced by bone forming cells. 10 Osteocalcin reflects bone formation and it has also been demonstrated that osteocalcin is involved in the metabolic syndrome. 11, 12 b-Carboxy-terminal crosslinked telopeptide of type I collagen (bCTX) is a degradation product from type I collagen and the concentration rises with increasing age and bone resorption. 13, 14 Growth of the human skeleton takes place during the entire course of childhood until early adult age. As children's lifestyle affects the growth of the skeleton and bone mineral density (BMD), it is important to understand mechanisms regulating bone mass accrual. Vitamin D, which is acquired through diet and sun exposure, level of physical activity and total body mass, all affect the development of the human skeleton and bone mass acquisition. 15 Vitamin D deficiency is more common when living in the Northern hemisphere (above 351 of latitude) where small amounts of vitamin D are produced in the skin. 16 The aim of this pilot study was to investigate the relationship between bone mass, anthropometric characteristics, levels of biological markers for growth, bone turnover, insulin resistance and fat mass in 4-year-old children. Research questions included the following: (1) Is bone mass related to the levels of biochemical markers associated with the occurrence of overweight/obesity, namely adiponectin, IGF-I and leptin, and to biochemical markers closely related to bone development and bone metabolism, namely osteocalcin, 25-hydroxy vitamin D (25(OH)D), calcium and bCTX? (2) Is insulin resistance related to bone mass or bone development? (3) Is bone mass increased in children with overweight/obesity compared with normal-weight children? (4) Is bone mass related, independently, to other indices of obesity, such as waist circumference and skinfolds? (5) Is osteocalcin related to anthropometric and laboratory markers characterising overweight/obesity?
Subjects and methods

Participants
Children participating in the Swedish IDEFICS study were included after parental consent to the pilot study in the spring of 2008. Participants between 4 and 5 years age were selected, equal in proportion by gender and belonging to different body mass index (BMI) strata. A total of 41 children were included (28 boys) and had anthropometric measurements and blood samples taken and heel dual-energy X-ray absorptiometry and laser (DXL) performed. Two groups were recruited: 28 normalweight and 13 overweight children using the BMI standard deviation score (BMI SDS) according to Karlberg et Bone mass measurements Calcaneal areal BMD was measured using the DXL Calscan (Demetech AB, Solna, Sweden). 18 In the present study, the DXL Calscan was modified for use in paediatric practice. 19 BMC and bone mineral apparent density (BMAD) were also calculated in the calcaneus, which is a bone containing mostly trabecular bone. BMAD reduces the confounding effect of bone size.
19
Biochemical determinations Serum osteocalcin was determined by enzyme-linked immunosorbent assay (IDS Ltd, Boldon, UK). The intra-assay and inter-assay coefficients of variation (CVs) were 4.5 and 3.5%, respectively. Serum calcium was determined by a standard photometric test (o-Cresolphtalein) with a Roche Cobas Integra 800 (Roche, Mannheim, Germany). Serum bCTX (b-Crosslaps) and 25(OH)D were measured with an electrochemiluminescence immunoassay using a Roche Modular E170 analyser (Roche). The intra-assay and inter-assay CVs were 0.6 and 1.7% for bCTX and 4.8 and 7.3% for 25(OH)D. Serum IGF-I was determined with an automated chemiluminescent immunoassay using an Immulite 2000 (Siemens, Eschborn, Germany), with intra-assay and inter-assay CVs of 5.5 and 5.5%. Serum leptin was determined by radioimmunoassay (Mediagnost GmbH, Reutlingen, Germany), with intra-assay and inter-assay CVs of 4.5 and 5.1%. Serum adiponectin was determined by enzyme-linked immunosorbent assay (Mediagnost), with intra-assay and inter-assay CVs of 3.1 and 9.8%. The insulin resistance index was calculated using homeostasis model assessment (HOMA)F(fasting plasma insulin (mIU ml 
Statistical analysis
For comparison between groups, the non-parametric MannWhitney test was used, and for correlations the Kendall's tau b coefficient. All tests were two-tailed and conducted at a 1% or 5% significance level. The software used was SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). A multiple regression analysis was performed to study determinants for the DXL bone mass parameters. To preclude collinearity, only one measure of anthropometry was included in the model. Waist circumference was selected because it had the strongest effect on bone measurements in the univariate analysis. Accordingly, adiponectin and HOMA were included to represent the metabolic effects of overweight. These two variables did not correlate with each other. Calcium and bCTX were selected to represent bone metabolism. The final model included waist circumference, adiponectin, HOMA, calcium and bCTX, and was run one by one for each of the three bone measurements (dependent variables). All models were adjusted for age and sex.
Because of missing values in the explanatory variables, only 27 children could be included in the models. No collinearity was observed when checking variance inflation factors. A P-value of o0.05 was considered as statistically significant. The software used was SAS version 9.2 (SAS Institute, Cary, NC, USA).
We certify that all applicable institutional and governmental regulations pertaining to the ethical use of human volunteers were followed during this research. The study was approved by the local research ethics committee at the University of Gothenburg, Sweden.
Results
Age, gender and anthropometric data for the 41 children are presented in Table 1 for normal-weight and overweight/ obese participants. As expected, there was a significant difference in BMI, BMI SDS, waist circumference and skinfolds between the groups. No significant differences were present between the groups for age or gender.
Adiponectin was significantly inversely correlated with BMC, BMD and BMAD (r ¼ À0.41, À0.40 and À0.41, Po0.01, respectively; Figure 1 The adiponectin level did not differ between normal-weight and overweight/obese children, but was significantly inversely correlated with waist circumference (r ¼ À0.28, Po0.05) and BMI SDS (r ¼ À0.27, Po0.05). Adiponectin was not correlated with any of the skinfold measurements.
There was a significant difference in BMC, BMD, BMAD and leptin between overweight and normal-weight children, but not for IGF-I, osteocalcin, 25(OH)D, bCTX, calcium and HOMA index (Table 2) .
We also found a significant positive correlation between BMC, BMD, BMAD and waist circumference (r ¼ 0.32, 0.30, Po0.01, and r ¼ 0.26, Po0.05, respectively) and with subscapular skinfold (r ¼ 0.26, 0.25 and 0.23, Po0.05, respectively). BMC and BMD had a low but significant correlation with the sum of skinfold measures (r ¼ 0.25 and 0.23, Po0.05, respectively).
Because of the many cross-correlations, the results were analysed by the multiple regression approach to find determinants for BMAD, BMD and BMC. The regression model is described in statistical methods and the outcome in Table 3 . For BMAD, adiponectin and HOMA showed significant effects (b ¼ À2.39, À22.19; P-values 0.013 and 0.004, respectively). For both BMD and BMC waist circumference measurements, adiponectin and HOMA were significant (b ¼ 0.003, À0.005 and À0.062 and P-values 0.0464, 0.0347 and 0.0012 for BMD; and b ¼ 0.002, À0.003 and À0.046 and P-values 0.0333, 0.0471 and 0.001 for BMC, respectively). Thus, adiponectin can be considered as an independent marker for DXL bone measurements.
Osteocalcin was not significantly correlated with weight, BMI, BMI-SDS, HOMA index, leptin, sum of skinfolds or waist circumference.
Discussion
The main finding in the present study was the negative association between adiponectin and BMC, BMD and BMAD. The adiponectin level did not differ between normalweight and overweight/obese children. Previous studies have demonstrated the same association in adult subjects. 21, 22 This is, to our knowledge, the first study demonstrating the association between adiponectin and bone mass in 4-yearold children. BMI SDS was positively correlated with BMC, BMD and BMAD. Söderpalm et al. showed that BMI SDS was positively correlated with BMD in 4-year-old children and in pooled data comprising children between 2 and 7 years of age. However, Söderpalm et al. 19 did not find any correlation between BMI SDS and BMAD as in the present study.
Eriksson et al. 23 showed, in 8-year-old children, a significant difference regarding BMC and BMD measured with DXA when comparing normal-weight and overweight children, 28 demonstrated in their study including 84 postmenopausal women, of whom one-third had impaired glucose metabolism. As osteocalcin is involved in the metabolic syndrome, we studied the relationship between metabolic parameters and osteocalcin, which is an osteoblast-derived protein. In our study, with very young subjects, we did not find any association between osteocalcin and weight, BMI, BMI-SDS, HOMA index, leptin, sum of skinfolds or waist circumference. This is in contrast to the finding by Kindblom et al., 31 who reported that osteocalcin was inversely related to BMI, fat mass and glucose in elderly Swedish men, which supports previous experimental studies. 12 These contradictory findings might be due to methodological factors relating to the particular osteocalcin assay used, which sometimes yields clinically discordant results for undercarboxylated osteocalcin and fragmented osteocalcin, or both. 32, 33 Another suggested explanation, although more speculative, is that young children, naturally having low levels of sex hormones, do not have the same regulatory mechanism for glucose metabolism and fat mass as they develop later in life. Waist circumference showed a significant positive correlation with bone mass parameters in our study. Agbaht et al. 28 showed the same correlation in postmenopausal women. Jürimäe et al. 34 studied bone mass in relation to skinfold measurements in the lower extremities in 64 subjects aged 8-11 years. In their study, front thigh skinfold showed moderate correlation with BMD of the legs. In the present study we demonstrated a positive correlation between subscapular skinfold and bone mass measurements. The association between BMAD and HDL was negative in the present study.
A possible explanation could be that obese people have higher bone mass values, for example, BMAD, than normalweight subjects. Obese people also tend to have lower HDL cholesterol values, which results in an inverse association between BMAD and HDL. Adami et al. 35 have previously reported an inverse correlation between HDL and BMD in adults.
The strengths of the present study are that we have assessed a wide spectrum of relevant biological markers in a very young group of subjects. We have also corrected for changes in bone size when measuring bone mass in the growing skeleton. We have done this by measuring a third dimensionFcalcaneal heightFwhich, together with BMD, gives BMAD. 19 Our study has certain limitations primarily because of the small sample size, which makes it challenging to detect the hypothesised differences and correlations that otherwise could have been distinguished. The interpretation of the negative findings must therefore be carried out with caution. Another limiting factor is that the blood samples were not taken at the same time as the heel-DXL measurements. In summary, this is the first study, to our knowledge, investigating bone assessed by heel-DXL in relation to anthropometry and biological markers such as leptin, adiponectin, osteocalcin, 25(OH)D, calcium, bCTX, insulin, HOMA index and IGF-I in 4-year-old children. Adiponectin was significantly negatively correlated with BMC, BMD and BMAD, which has not been shown previously in very young children. Adiponectin may have an independent role in bone development and metabolism in young children.
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